We perform the characterization program for the supersymmetric configurations and solutions of the N = 1, d = 5 Supergravity Theory coupled to an arbitrary number of vectors, tensors and hypermultiplets and with general non-Abelian gaugins. By using the conditions yielded by the characterization program, new exact supersymmetric solutions are found in the SO(4, 1)/SO(4) model for the hyperscalars and with SU (2) × U (1) as the gauge group. The solutions contain also non-trivial vector and massive tensor fields, the latter being charged under the U (1) sector of the gauge group and with selfdual spatial components. These solutions are black holes with AdS 2 × S 3 near horizon geometry in the gauged version of the theory and for the ungauged case we found naked singularities. We also analyze supersymmetric solutions with only the scalars φ x of the vector/tensor multiplets and the metric as the non-trivial fields. We find that only in the null class the scalars φ x can be non-constant and for the case of constant φ x we refine the classification in terms of the contributions to the scalar potential.
Introduction
The seminal work on the characterization of supersymmetric solutions of supergravity was done by Tod in Ref. [1] for the pure N = 2, d = 4 Supergravity Theory. The method he used is based on the translation of the Killing spinor equations to tensorial equations for bilinears of the Killing spinors, which are easier to handle that the spinorial equations. All the conditions needed to have a bosonic supersymmetric configuration can be extracted from these equations for the bilinears. Furthermore, the Killing spinor equations are first-order, unlike the equations of motion that are second-order. Indeed, among the conditions found by Tod, it is remarkable the simplicity of the differential equations that must be satisfied by the supersymmetric solutions. Some years after this work, Tod extended the analysis to more general four dimensional supergravity theories in Ref. [2] .
After the work of Tod, Gauntlett et al. in Ref. [3] adapted the program to the minimal five-dimensional ungauged theory with eight supercharges (N = 1). These authors developed the approach in a pure tensorial language, in contrast to the Newmann-Penrose formalism used by Tod.
The work of Gauntlett et al. renewed the attention on the characterization program and after it a lot of related work has been done for supergravity theories in several dimensions, number of supercharges, gauged/ungauged symmetries and matter couplings. Regarding the N = 1, d = 5 theory, soon after the publication of Ref. [3] the classification in the gauged minimal theory was achieved in Ref. [4] . The analysis of the (Abelian) gauged theory with couplings to an arbitrary number of vector multiplets was done in Ref. [5] , restricted to the time-like case and considering only symmetric spaces for the scalar manifold. The analysis was extended to the null case and relaxing the condition of symmetry on the scalar manifold in Ref. [6] 1 . The characterization program for the ungauged theory with vector-and hypermultiplets (without restrictions on the scalar manifolds) was done in Ref. [9] and the case of the theory with general non-Abelian gaugings was analyzed in Ref. [10] (previous, partial analyzes were done in Refs. [11] ).
As we mentioned above, there are many papers [12, 13] on the characterization of supersymmetric solutions in others theories of supergravity. In addition, various papers [14] have been written on the subject using the technique of the spinorial geometry.
The main aim of this work is to complete the characterization of supersymmetric solutions of the N = 1, d = 5 Supergravity Theory, initiated in Refs. [3, 4, 5, 6, 9, 10] , by turning on tensor multiplets. With the adding of tensor multiplets we cover the most general couplings to matter multiplets known in N = 1, d = 5 Supergravity. We perform the study for the gauged version of the theory because it is a more general context and, most importantly, tensor multiplets make sense only in the gauged scenario. Any result in the ungauged theory can be obtained from the gauged theory by sending the Yang-Mills coupling constant to zero and turning off the tensor fields.
Tensor multiplets contain two-form fields that, in contrast to the field strengths of vector gauge fields, transform in a non-adjoint representation of the gauge group [15] . Their exterior covariant derivative does not vanish, they satisfy instead a massive self-duality condition [16] which is precisely given by their equation of motion. This condition is needed in order to balance the fermionic/bosonic degrees of freedom in each multiplet, hence tensor multiplets must be considered as on-shell multiplets 2 . In addition, as well as vector multiplets, each tensor multiplet includes an scalar field and an one-half spinor field.
The N = 1, d = 5 gauged Supergravity coupled to an arbitrary number of vector-, tensorand hypermultiplets is the most general theory of supergravity known with eight supercharges in five dimensions. Therefore, the results of the characterization can be used for very general analyses related to supersymmetric solutions, since preserved supersymmetry gives a lot of information about the solutions and the set of equations that must be solved is much smaller than the original set of equations of motion. For example, the conditions for supersymmetric solutions resulting from the characterization program can be used to analyze five-dimensional black holes/rings, which is a growing area of research.
One of the main interest on supersymmetric solutions of the five-dimensional supergravity is the existence of supersymmetric domain walls that have AdS 5 asymptotics. This kind of configurations is crucial for the brane-world scenario and also for the AdS/CFT correspondence. Their existence is related to the extrema of the scalar potential characteristic of the gauged theory. Tensor multiplets, as well as vector-and hypermultiplets, give contributions to this potential. Therefore, the possibilities of finding new classes of supersymmetric minima of the potential are increased once the characterization of supersymmetric solutions with the most general matter couplings is done. With the aim to get some insight on this class of configurations, in this paper we analyze supersymmetric scalar-gravity configurations once the characterization program has been completed. These configurations have vanishing vector and tensor fields and the hyperscalar are just constant, hence the scalars of the vector/tensor multiplets and the metric are the only active fields. Scalar-gravity configurations are close to pure gravity configurations and are appropriated to study minima of the scalar potential.
In order to give a further proof of the usefulness of the characterization of the supersymmetric solutions, in this paper we use the results of this program as a framework to find new supersymmetric solutions of N = 1, d = 5 Supergravity with several active matter fields. In Ref. [9] new exact supersymmetric solutions of the ungauged N = 1, d = 5 supergravity theory with hyperscalars taking their value in the SO(4, 1)/SO(4) manifold were found. The setting used was taken from a solution of the six-dimensional theory found in Ref. [13] . It is intersting to see wether these 5d solutions can be generalized to the gauged case and with more active matter fields. Moreover, The 5d solutions found in Ref. [9] have a naked singularity whereas the 6d solution found in Ref. [13] , which belongs to the gauged theory, has a horizon. Therefore, it is also interesting to determine if the presence of naked singularities is linked to the ungauged scenario. Motivated from these previous results on the SO(4, 1)/SO(4) model for the hyperscalars, we take this model to find the new supersymmetric solutions. To this end it also required to set an appropriated model for the scalar fields of the vector/tensor multiplets, as well as the gauge group together with the representation under which the tensor fields transform.
This paper is organized as follows: In the next section we show the generalities of the theory, including the action, equations of motion and supersymmetry transformation rules. In section 3 we perform the characterization program. We subdivide this section in three parts: general results, time-like case and null case. In section 4 we analyze the supersymmetric scalar-gravity configurations. In section 5 we show exact supersymmetric solutions in the SO(4, 1)/SO (4) model for the hyperscalars. Finally we present some conclusions.
2 N = 1, d = 5 Supergravity with gaugings and general matter couplings
The theory was elaborated by several authors in successive steps. The Lagrangians of the pure N = 1, d = 5 Supergravity were found in Refs. [17] . The couplings of the pure theory to vector multiplets in the ungauged and gauged scenarios were analyzed in Refs. [18, 19] and the extension to tensor multiplets was done in Ref. [15] . The first complete Lagrangian of gauged N = 1, d = 5 Supergravity coupled to vector, tensor and hypermultiplets with general scalar manifolds was given in Ref. [20] . The authors of Refs. [15, 20] , however, considered only a restricted class of couplings between vector and tensor fields. The theory with the most general couplings was achieved in Ref. [21] , and we take the action from this reference, following most of its conventions
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The field content of the theory consists of the supergravity multiplet {e µ a , ψ
. . , n T , and n H copies of a hypermultiplet, {q X , ζ iA }, X = 1, . . . , 4n H . As it is well-known, several fields of the supergravity, vector and tensor multiples are related between them by symmetries hence it is convenient to treat them on the same footing. From now on we use the following notation: φ x and λ xi , x = 1, . . . , n V + n T , are the scalar and spinor fields of the vector-tensor multiplets; A I , I = 1, . . . , n V + 1 are the vector fields, including the vector field of the supergravity multiplet, and HĨ,Ĩ = 1, . . . , n V + n T + 1 represents the field strengths/tensor fields, HĨ = (F I , B M ). In some instances it is convenient to unify the notation on the scalars, hence we use sometimes the indexx and the variable ϕx = (φ x , q X ). All the spinors satisfy a symplectic-Majorana condition.
The target manifold of the φ x fields belongs to the class of very special geometry whereas the target of the q X fields is a non-compact quaternionic Kähler manifold. We denote these manifolds by M V S and M QK respectively. The former is defined through the embedding of φ
where CĨJK is a completely symmetric constant symbol. Given CĨJK one has the scalar metrics 2) where hĨ = CĨJKhJ hK and hJ x = − √ 3∂ x hJ , hJ x = + √ 3∂ x hJ . Various identities of the very special geometry can be found in Ref. [18] Quaternionic Kähler manifolds are 4n H -dimensional Riemannian manifolds characterized by a metric g XY and a quaternionic structure J X Y , such that the three two-forms J XY are covariantly closed respect to a su(2) connection ω X whose curvature is proportional to J XY . In 3 In contrast to Ref. [21] , we use a mostly minus signature for the space-time metric and define the Ricci tensor by R µν = R µαν α . We raise and lower the SU (2) index according to
We also fix the value of the five-dimensional Newton constant,
general, the holonomy of a quaternionic Kähler manifold is SU(2) × Sp(n H , H). For n H = 1, however, these conditions are not restrictive at all. In this case quaternionic Kähler manifolds are defined by the conditions of being Einstein and self-dual. The subject of quaternionic-like manifolds is treated in detail in Ref. [22] . In the gauged theory the vector fields are the gauge fields for some group G that also acts on the "matter" fields of the theory (scalars, tensors and spinors), which leads to couplings between gauge and matter fields via covariant derivatives 4 . We shall use names as "G-symmetry" to refer to this kind of gauge transformations.
Since the Lagrangian is a σ-model for the scalars, the G-group must be a subgroup of the isometries of the target manifold. Therefore the directions of the gaugins are determined by Killing vectors satisfying
To each Killing vector of the M QK manifold there is associated a triplet of scalars that form a SU(2) vector, 2n 4) which is called the momentum map. Momentum maps allow the embedding of the G-transformations into SU (2) transformations, which is the R-symmetry group acting on the spinors. In particular, the corresponding SU(2) gauge connection is 1 2 A I P I . In addition, there are R-symmetry gauge transformations induced by SU(2) transformations in M QK , such that the full space-time gauge connection for the R-symmetry is the combination
For instance, the covariant derivative on the gravitino is
In absence of hypermultiplets (n H = 0) the momentum maps P I can still be defined in two cases in which they are equivalent to a set of constant Fayet-Iliopoulos terms. In the first case the gauge group contains an SU(2) factor and
where ξ is an arbitrary constant and the e I are constants that are nonzero for I in the range of the SU(2) factor and satisfy (2.8) In the second case the gauge group contains U(1) factors and 9) where e is an arbitrary SU(2) vector and the ξ I s are arbitrary constants that are nonzero for the I corresponding to U(1) factors. Tensor multiplets can be coupled only in the gauged version of the theory. In general, the vector/tensor multiplets are mixed under the action of the G-group. They transform in a representation whose basis is denoted by t I ,
The general form of these matrices is 11) where, of course, the adjoint-representation components correspond to the gauge sector, whereas the rest of components are not in the adjoint representation and correspond to the transformations of the tensor multiplets. Although f IJ K and t IN M realize smaller representations of the G-group, the presence of the t IJ M components makes t IJK a non completely reducible representation. It is known [15] that the supersymmetry of the theory forbids the coupling to vector fields that are "charged" under the G-gauge group (i. e., transforming homogeneously in a representation that is not the adjoint), since this kind of vector fields would be massive and this leads to a mismatch between the fermionic/bosonic degrees of freedom. Massive tensor fields are the only admissible charged two-forms in the theory.
The Killing vectors of the target manifold M V S are completely determined in terms of the matrices t I ,
The G-symmetry transformations and covariant derivatives of the bosonic fields are
13)
14) 15) where XĨ can be HĨ, hĨ and so on. The action of the theory needs one more symbol: an antisymmetric and invertible matrix Ω M N (the number of tensor multiplets is restricted to be even). We denote by
Invariance of the action under G-symmetry transformations imposes the constraints
Moreover, it turns out that the tensorial components of CĨJK are not independent parameters, they are instead given by
Notice that, in order to avoid singular metrics aĨJ and g xy for a theory coupled to tensor multiplets, we must demand that not all the components t IJ M vanish, that is, tensor multiplets can be coupled only in the gauged theory and only when they are charged under some sector of the G-group.
The bosonic action of N = 1, d = 5 gauged supergravity is given by 19) where
22)
The equations of motion of the bosonic fields, for which we use the following notation 24) are
25)
26)
27)
28)
In this formula we omit the wedge symbol in the multiplication of differential forms
Note that the Maxwell equation (2.28 ) is G-gauge-invariant only when the E M equation is strictly on-shell. However, we may define the alternative equation
whose gauge transformation is
Therefore, the pair (Ẽ
) is a doublet of the G-symmetry group. When one deals with solutions, which requires the vanishing of all equation of motion, one may freely choose between the Maxwell equation (2.28) or the alternative equation (2.31) . The use of Eq. (2.31) has the advantage that the G-symmetry-covariance is kept manifest even off-shell. This property is particularly useful for the analysis of the Killing Spinor Identities [23, 24] , which we are going to study in detail in section 3. In the KSIs one regards all the equations of motion as off-shell expressions in order to determine which of them are really independent when they are evaluated on supersymmetric configurations.
Eq. (2.29) can be considered as a massive selfduality condition for two-forms in five dimensions [16] and, moreover, it is the integral of the Proca equation. To see this, consider for a moment the Eq. (2.29) evaluated on vanishing v.e.v. for scalars and vectors,
where we have assumed aĨJ = δĨJ . Operating this equation with ⋆d⋆ we get 
Therefore the eigenvalues of M 2 are the mass parameters for the tensor fields. The supersymmetry transformation rules for the fermionic fields, evaluated on vanishing fermions, are
36)
37) 2.38) and the supersymmetry transformation rules of the bosonic fields are
39)
42) (2.43) where
Let us make a brief comment about pure gravity solutions. If we turn off vector and tensor fields, A I = B M = 0, the scalar (2.26)-(2.27) and Maxwell equations (2.31) become respectively
The simplest solution to the last equation is ∂ µ φ x = ∂ µ q X = 0, which implies for the former equation that the solution is a critical point of the potential, as expected for a pure gravity solution. If the scalars fields are constant all the objects that belongs to the target manifold, like h I , h I x , kx I and P I , are also constant as well as the scalar potential is (the cosmological constant). We shall find this kind of configurations in section 4 as part of the supersymmetric solutions.
Supersymmetric configurations and solutions
We follow the procedure of Refs. [9, 10] , where the standard programme based on the spinor bilinears was used to solve the KSEs combined with the computation of the KSIs in order to determine the independent supersymmetric equation of motion. In these papers the supersymmetric configurations and solutions of the ungauged/gauged N = 1, d = 5 Supergravity coupled to vector-and hypermultiplets were characterized. Here we follow the same steps now including tensor multiplets, writting only the main steps.
General results

Killing Spinor Equations and bilinears
The KSEs are
2)
By comparing with the theory without tensor multiplets, we see that there is a new term in the gaugino KSE (3.2) proportional to the projection k
. This projection automatically vanishes if there are no tensor multiplets. When tensor multiplets are turned on, it can be easily shown that
The spinor bilinears that can be constructed from the Killing spinor are the scalar f , the vector V and the three 2-forms Φ r . The corresponding differential equations for the bilinears are 8) where (3.9) and the algebraic ones are
The differential equation for Φ r (3.8) implies
Eq. (3.6) says that V is an isometry of the space-time metric. We fix partially the Gsymmetry using the condition (3.16) In this gauge, the scalars q X , φ x and f are independent of the coordinate adapted to the isometry V .
Killing Spinor Identities
We use the Killing Spinor Identities (KSIs) [23, 24] as an easy way to determine which of the equations of motion are independent once they are evaluated on supersymmetric configurations. The KSIs are derived from the supersymmetry transformation rules of the bosons, which are listed in Eqs. (2.39) -(2.43).
The main difference we found respect to Refs. [9, 10] is that, since now me have tensor multiplets, each of them containing scalar, tensor and spinor fields, there are new KSIs that arise as new components of the old KSIs that were obtained by taking derivatives respect to λ x . Moreover, the supersymmetry transformation rule of the tensor fields is a totally new rule, hence the explicit form of the KSIs is modified by the presence of it.
The KSIs that we obtain from Eqs. (2.39) -(2.43) are
These are spinorial expressions. We may obtain the tensorial KSIs by contracting these equations with (σ
The tensorial KSIs are
So far we have obtained the general equations and KSIs for the bilinears. To extract further information from these equations it is necessary to study separately the time-like (f = 0) and null (f = 0) cases.
The timelike case 3.2.1 The equations for the bilinears
The metric can be written in the form:
with ω and h mn independent of time, as well as f and ϕx due to our partial G-gauge fixing (3.16) .
The splitting of the gauge potential is (3.30) where e 0 = f (dt + ω). The supersymmetric expression for HĨ = (F I , B M ), obtained from the equations for the bilinears, is
whereD is the 4-dimensional spatial covariant derivative with respect toÂ
I is the field strength ofÂ I andB M are spatial two-forms. The magnetic component of these fields are subject to
32)
These equations should be regarded as conditions onÂ I instead ofF I , otherwise we were forced to impose the corresponding Bianchi identity. The other point of view, however, could be fruitful in the ungauged case in which the gauge potential is not needed explicitly to build supersymmetric configurations.
Since there are not couplings between hyperscalars and tensor fields, the differential equation for the hyperscalars is of the same form of the case without tensor fields
The projection of Eq. (3.15) along V says that they are time-independent in the gauge (3.16) . The spatial components of the Eq. (3.8) give
We can solve this equation for ξ (−) in an arbitrary frame and SU(2) gauge: (3.36) This equation expresses the embedding of the SU (2) connectionˆ B into the anti-self-dual part of the spin connection of the base manifold. Note that the explicit form of this equation is not 8 From now on spatial flat indices refer to the 4-dimensional spatial metric h mn . 9 We have introduced the spatial connectionˆ B =dq
affected by the presence of tensor fields, see Ref. [10] . However, we can not conclude that the class of supersymmetric spatial manifolds is the same with or without tensor fields because we have not analyzed the equation of motion yet. Alternatively, the above condition can be expressed in terms of curvature tensors. This is achieved by studying the integrability condition of Eq. (3.35) . The results for the anti-selfdual part of the Riemann tensor, the Ricci tensor and the scalar curvature arê
37)
Previous results on supersymmetric configurations can be deduced as limiting cases of the above relations for the spatial metric h mn . For example, by sending the coupling constant g to zero we recover the spatial curvature for supersymmetric configurations of the ungauged theory
If we also turn off the hyperscalars the resulting spatial manifold is Ricci-flat and Eq. (3.35) becomes∇ m Φ np = 0. Therefore Φ m n is a triplet of integrable complex structures with imaginary unit quaternion algebra. This corresponds to a hyperKähler manifold, as was found in Ref. [3] .
Other known limit is the gauged theory without tensor and hypermultiplets. We recall that in this case momentum maps are constant, which take the form P I = e ξ I for the case of the G-group that includes U(1) factors. For these models the Eq. (3.35) becomeŝ
From this equation it is clear that the tensor e · Φ represents an integrable complex structure. Therefore the base spatial manifold is Kähler, as was found in Refs. [4, 5] .
Solving the Killing spinor equations
The necessary conditions for having unbroken supersymmetry that we have derived in the previous section are also sufficient. Indeed, it can be shown that the δ ǫ ψ i µ , δ ǫ λ xi and δ ǫ ζ A equations are solved by the configurations as we have them, in an arbitrary frame and SU (2) gauge, by the Killing spinor
where ǫ j 0 is a constant spinor. These spinors are subject to the projections
where
In a frame and SU(2) gauge where Φ is constant, the Killing spinor is just ǫ i = √ fǫ i 0 . The supersymmetric configurations preserve in general 1/8 of the supersymmetries. These projections are to be imposed for general supersymmetric configurations. There could be, however, special configurations for which some or all of these projections are not needed, hence preserving a big fraction of supersymmetry.
Supersymmetric solutions
In the time-like case we find that the independent KSIs (written in the flat five-dimensional frame) are
45)
46) , vanishes automatically for supersymmetric configurations. Therefore, in the timelike case, the necessary and sufficient condition for a supersymmetric configuration be also a solution of the theory is that it must solve the time-like component of the vector equationẼ I and the E The time-like components of the Maxwell and E M equations evaluated on supersymmetric configurations yield
52)
It can be checked by direct computations that the space-like components of the tensor equation vanish automatically for supersymmetric configurations. From the analysis of the KSIs we were aware of the vanishing of E mn(−) M . The Bianchi identity for the field strength F I holds automatically since we assume that we are always dealing with the gauge potential A I explicitly. We summarize our results on supersymmetric solutions in the time-like case. The objects that have to be chosen are a scalar function f , a 4-dimensional Riemannian manifold with metric h mn together with an almost quaternion structure Φ mn , a 1-form ω m , n V + n T scalars mappings φ x to M V S , 4n H hyperscalar mappings q X to M QK , a gauge potentialÂ I m and n T two-formsB M . All these variables are spatial objects and are independent of time. They have to satisfy the following equations in order to get a configuration with preserved supersymmetry:
54)
55)
56)
where we have formulated these conditions in a frame in which Φ is constant. In addition they have to satisfy the following equation of motion in order to be a solution of the theory:
The supersymmetric space-time metric, vector and tensor fields are determined in terms of these variables by
60)
where e 0 = f (dt + ω).
The null case 3.3.1 The equations for the bilinears
The five-dimensional metric can be put in the form 
The splitting of the gauge potential is (3.65) whereÂ is a spatial one-form. Eq. (3.15) becomes
From this equation we may solve the transverse spin connection
The differential equation for the hyperscalars is
The vector/tensor fields are determined from Eqs. (3.5), (3.7), (3.8) , (3.12) , (3.13) and (3.14) . Eqs. (3.5) and (3.12) lead to
The first of these equations is equivalent to .14) is automatically solved by (3.69) . Therefore, the supersymmetric vector/tensor fields have the general form HĨ = HĨ +− e + e − + HĨ +r e + e r +ĤĨ , (3.71) where 10 We use ǫ +−123 = ǫ +−123 = +1. The minus sign in the expression of Φ r is needed for the consistency of the equations for the bilinears.
11 The covariant derivativeD includes the transverse gauge connectionÂ I .
The transverse componentsĤĨ can be straightforwardly determined following the same steps done in Ref. [10] to determineF I . The result iŝ 3.73) where
Similarly to the time-like case, we interpret this equation as a condition forÂ I rather thanF I , hence we do not impose the Bianchi identity on the r.h.s. The components hĨHĨ +r are determined from the + + r components of Eq. (3.8) , (3.75) which is nothing but a partial gauge fixing condition that affects the freedom to rotate the dreibeins. This condition basically fixes the u-dependence of the dreibeins. We can solve the one-form ω in terms of the vector and tensor fields from the equation (3.74) ,
where we have defined the transverse one-formsb
This equation fixes ω up to an arbitrary gradient. Therefore, the supersymmetric vector/tensor fields must take the form 
Solving the Killing spinor equations
After use of all the information extracted from the equations for the bilinears, we conclude that the KSEs are solved by constant spinors subject to the projections
where Π
These configurations preserve 1/8 of the supersymmetries.
Equations of motion
In the null case the independent KSIs are
81)
82) 
where (3.89) and vol 3 is the volume element of the three-dimensional transverse space. The rest of the components of the E M vanish automatically. TheẼ I+ component of the Maxwell equations (2.31) yields
This equation is G-symmetry invariant, in particular, under u-dependent transformations. This fact can be used to partially fix the G-gauge by imposing (3.91) such that the Eq. (3.90) becomes
which is still covariant under u-independent G-symmetry transformations. In absence of tensor fields the term
can be expressed in terms of G-covariant Laplacians of K I and C IJK K J A K u . In presence of tensor fields, however, this term is no longer covariant, hence we cannot write it in terms of covariant Laplacians. This obstruction is a consequence of the fact that tensor fields, which are the G-symmetry partners of vector fields, are not derived from any gauge potentials. Now we turn our attention to the E ++ component of the Einstein equation. There is a gauge freedom in the expression (3.76) for the one-form ω, which we use to impose a condition on ω:
(3.94)
The E ++ component of the Einstein equations becomes
Let us summarize the results of the null case. The objects that have to be chosen are two functions f and H, a 3-dimensional transverse metric γ rs together with a Driebein basis v r for it, n V + n T scalar mappings φ x to M V S , 4n H hyperscalar mappings q X to M QK , the componentŝ A I and A I u of the gauge connection A I and n T transverse one-formsb M . All these variables may depend on u but must be v-independent. They must satisfy the following equations for preserved supersymmetry:
96)
97)
where KĨ = hĨ/f . The equations of motion to be imposed arê
100)
where MĨ = f −3 t (ĨJ) M h M hJ andB M anddω are going to be indicated below. In addition, for u-dependent configurations the partial gauge fixings (3.75), (3.91) and (3.94) must be imposed. The supersymmetric space-time metric, vector and tensor fields are determined in terms of these variables by
104)
105)
Scalar-gravity solutions
Having performed the characterization of general supersymmetric solutions, we analyze now these conditions for the case of solutions with vanishing vector and tensor fields and constant v.e.v for the hyperscalars. Thus these are configurations with only the scalars φ x and the metric g µν as the non-trivial fields. This study is illustrative since for this kind of configurations several of the conditions for supersymmetric solutions can be solved in a closed way. Moreover, one can go to the limit of pure gravity, which may facilitate future studies of vacuum solution with sources. Also the analysis could be very useful to define appropriated frameworks to search asymptotically vacuum solutions, as domain walls. A similar analysis has been done in Ref. [6] for the null case of the theory without tensor-and hypermultiplets.
Time-like case
We consider the vanishing of vector and tensor fields and also q X = constant. The objects belonging to M QK , such as g XY , k X I and P I , are constants subject to the several constraints of the theory.
In the time-like case it is not convenient to put directly A I = 0 but instead to work in a different gauge which also leads to F I = 0. Indeed, if HĨ = 0 the Eq. (3.62) implieŝ
In view of the expression forFĨ given in Eqs. (4.2) we choose the gaugê
In this gauge the first of Eqs. (4.1) becomes 4) and one effectively recovers the expression forF I given in Eq. (4.
2). By projecting the equation (4.4) to hĨ and h x I
we convert it into two equations df = 0 , (4.5)
where we have made use of the identity (3.4) . From now on we put f = 1 for simplicity. Notice that Eq. (4.4) implies that the components h I are constant, thus in the gauge (4.3) the 5d potentials are constant (unphysical) electrostatic potentials, A I = − √ 3h I dt. If we contrast the expression (4.2) forĤĨ with Eq. (3.56) we obtain thatĤĨ (+) = (dω) (+) = 0. If we now compare with Eq. (3.57) we obtain
which can be splitted by projecting out to hĨ and hĨ x . This yields
8)
We see that in the time-like case there are not supersymmetric scalar-gravity solutions with non-vanishing P x contribution to the potential. We also remark that P ∼ h I P I is constant for this kind of configurations. Now we examine the Maxwell equation (3.58) . The first term vanish due to Eq. (4.1). Using the expressions we have obtained forĤĨ and dω and the fact that P x = 0, it is straightforward to see that the second and third terms of the Maxwell equation (3.58) Since it is assumed that the metric of M V S is Riemannian, we conclude that kx = 0. Putting this result back into Eq. (4.6) we obtain that the supersymmetric scalar fields φ x are necessarily constant. Consequently, all objects belonging to the target M V S and its ambient manifold like h I , h I x and g xy become constant. Since we have ended up with constant v.e.v. for all the scalar fields and vector/tensor fields vanish, this class of solutions must be critical point of the scalar potential V, as was mentioned at the end of section 2. From the point of view of the Einstein equations, these configurations are solutions of the vacuum equations (vanishing energy-momentum tensor) with or without cosmological constant.
It is easy to see that the tensor Eq. (3.59) and the Eq. (3.55) for the hyperscalars are automatically solved by the scalar-gravity configurations as we have them.
The form of the five-dimensional metric depends on the triviality of ω, which in turn depends on the vanishing or not of the constant P . Hence we consider the two cases separately.
In this case Eq. (4.8) says that ω is a closed one-form, hence it can be removed from the 5d metric by a coordinate transformation. Thus we set ω = 0 for this class of configurations. According to Eqs. (4.2) In summary, the configurations in this case are
where h mn is an arbitrary four-dimensional hyperkähler metric. The v.e.v. for the scalars and the hyperscalars are restricted by the conditions P I = kx = 0. The simplest five-dimensional solution of this kind, given by h mn = δ mn , is Minkowski space-time.
The vanishing of P , P x and kx implies that these configurations have a zero scalar potential. Since the scalar potential is quadratic in these quantities, obviously this class of solutions are critical points of it.
Case 2: P = 0 Now in this class of solutions the one-form ω given in Eq. (4.8) is non-trivial, and also the variablesÂ I do not vanish, as well as the two-formsF I andB M . From Eq. (4.8) we see that the non-vanishing two-form Ω ≡ e P · Φ, where e P is the unit vector along P , is a closed form. From the properties of Φ it is clear that e P · Φ m n represents an integrable complex structure, thus we have that h mn is a Kähler metric. This Kähler metric is not arbitrary, it must satisfy the condition (3.54) on its spin connection, which takes the form
The five-dimensional supersymmetric metric is (4.13) where ω and the Kähler metric are subject to (4.8) and (4.12) . The former states that ω is a local potential for the Kähler form. In this case the v.e.v. for the scalars are restricted by the conditions P I = 0, P x = kx = 0. For this class of configurations the scalar potential takes the value
To determine the value of its derivatives, take into account that, first, the terms proportional to P 2 x and k 2 yields a vanishing first derivative once evaluated on the configurations. The derivatives of the P 2 term w.r.t. φ x also vanish trivially. Finally, taking derivatives of the P 2 term w.r.t. q X we obtain 15) where we have used the standard formula for the derivative of a momentum map and the last equality follows after evaluating on the scalar-gravity configurations. As we expected, this class of supersymmetric solutions are critical points of the potential and this is positive (negative cosmological constant).
Null case
Again we consider constant values for the hyperscalars and the vanishing of vector and tensor fields, but now we work directly in the gauge A I = 0, thus we set (4.16) We also assume that the configurations are u-independent. Since F I and B M are vanishing, we deduce from Eqs. (3.98) , (3.107) and (3.108) 17) which is equivalent tod (4.18) Projecting this equation to hĨ yieldsd
The condition (3.96) for the spin connection becomes 
The last condition for preserved supersymmetry is the Eq. (3.97), from it we obtain k X = 0. From the indentity (3.4) we also see that h M = 0 implies k x = 0, thus again we have the vanishing of kx.
Putting these results in Eq. (3.104) we obtaindω = 0, which, together with the u-independence, implies that the one-form ω can be removed from the metric (3.103) by a coordinate transformation.
Now we analyze the supersymmetric equations of motion. It is easy to see that any scalargravity configuration that satisfies the conditions we have found automatically solves the supersymmetric equations of motion (3.99), (3.100) and (3.101) . The Einstein Eq. (3.102) becomes into a harmonicity condition for the scalar H,
Summarizing what we have obtained so far, the five-dimensional metric takes the form 25) where H is harmonic respect to the metric f 3 δ rs and the scalars f and φ x and the v.e.v. of q X are subject to h M = k X = 0 and Eq. (4.23). Concrete solutions of this equations depend on the value of the constant momentum map P I . In any case, we see that, in contrast to the time-like case, in the null case scalar-gravity supersymmetric solutions can have non constant scalars fields φ x . The presence of the harmonic function H suggests the coupling to external sources.
We may further refine the characterization for the case of constant scalar fields φ x . As we have already mentioned, this kind of solutions must be critical points of the scalar potential. If ∂ r φ x = 0 the Eq. (4.23) takes the form
and its projection to h I yields (4.27) This can be easily integrated, (4.28) where c is a integration constant. On the other hand, the projection of Eq. (4.26) to hĨ x yields P x = 0. Thus we see that the scalar potential receive only the P 2 contribution. Following the analysis done in the time-like case, it is easy to see that the first derivatives of the scalar potential vanish.
The presence of the function f , whose expression (4.28) depends on P , affects the space-time geometry. We may extract further information if we consider two cases separately:
In this case (or in the ungauged limit) the function f becomes constant and it can be absorbed by coordinate rescalings. Thus the metric is
If H = 0 we arrive at 5d Minkowski space-time, as we expected since for P = 0 the scalar potential vanishes.
Case 2: P = 0 We perform a further coordinate transformation: pick up two constant, unit SU(2) vectors e i in such a way that ( e i , e P ) be an orthonormal triad. We define the coordinate system (z i , w) 4.30) such that f = χw −2 and dy r dy r = dz i dz i + dw 2 . The five-dimensional metric takes the form
31) (4.32) where the prime stand for the derivative w.r.t w. It is evident that if H = 0 this metric is AdS 5 , which is the natural solution since the scalar potential with its sole P 2 term yields a negative cosmological constant.
Solutions in SO(4, 1)/SO(4)
As we mentioned in the Introduction, in Ref. [13] an exact supersymmetric solution of N = (1, 0) gauged six dimensional supergravity was found. The solution is a dyonic string with active hyperscalars. In the model used the hyperscalars take values in the SO(4, 1)/SO(4) manifold and the G-gauge group is SU (2) . The model also has one tensor field, being the magnetic/electric charges of the dyonic string defined in terms of it. Using the same SO(4, 1)/SO(4) target, two supersymmetric solutions of the ungauged five-dimensional theory coupled to vector-and hypermultiplets were found in Ref. [9] . These solutions have a point-like naked singularity. In general, the supersymmetric solutions of the 6d and 5d theories, the former classified in Ref. [13] , have in common that the condition (3.55) has the same structure in both cases 12 . These results are encouraging to look for more 5d supersymmetric solutions in the SO(4, 1)/SO(4) model for the hyperscalars, now within the frame of supersymmetric solutions of the gauged theory with general matter couplings, whose characterization we have performed in section 3.
It must be pointed out that the active tensor field of the solution found in Ref. [13] is a gauge or massless tensor field, that is, it appears in the Lagrangian only through its exterior derivative G = dB (6) + · · ·. Indeed, this tensor field is the combination of two self/anti-selfdual ones that satisfy the usual massless duality relations in 6d, ⋆ 6 G ± ∼ ±G ± . This 6d tensor field should not be compared with the tensor fields of the five-dimensional theory we have used in this paper because the latter are, as we have already pointed out, massive fields.
The model
We start by defining the geometry of the SO(4, 1)/SO(4) manifold and the directions for the gauging. Some preliminaries we need have been already shown in Ref. [9] , we rewrite them here in order to get a self-contained discussion. We use underlined indices, X = 1, 2, 3, 4, as curved indices in SO(4, 1)/SO(4) and non underlined indices X as flat indices. Therefore the coordinates of this manifold are denoted by q X . The metric is
It can be checked that this metric is Einstein, and since it is also conformally flat, it is trivially selfdual. Therefore this metric is a four-dimensional quaternionic-Kähler manifold 13 . A vierbein for this metric is
The anti-selfdual part of the spin connection is
In both the coordinate and the Vierbein basis the three complex structures are given by the 't Hooft symbols,
which are real, constant and anti-selfdual matrices in the X, Y indices. This leads us to establish a simple relation between Ω (−)XY and the SU(2) connection ω X ,
The group of isometries of SO(4, 1)/SO (4) is SO(4). The corresponding Killing vectors, their so(4) algebra and their associated momentum maps are given by
Now we define the setting for the G-group. If a subgroup of the G-group acts non-trivially on the hyperscalars, then these must transform in a representation given by a subset of the Killing vectors (5.6). On the other hand, if a sector of the G-group leaves the hyperscalars invariant, then one demand simply that the corresponding Killing vectors (of M QK ) vanish, as well as their associated momentum maps. In our model the subgroup of the G-group that acts non-trivially on the hyperscalars is SU (2), to which we choose the first set of Killing vectors, k r X , together with their corresponding momentum maps.
The G-group have to be also a subgroup of the isometry group of the very special manifold M V S . This condition is established in terms of the constraint (2.17), which we rewrite here for convenience
Let us start by analyzing this constraint without tensor multiplets. It is straightforward to see that it avoids the gauging of a pure su(2) algebra. That is, if one starts by coupling the pure supergravity to two vector multiplets, such that the range of the index I = r is three, and additionally declares that the G-group is SU (2), then one faces with the fact that there are not solutions of the constraint ǫ rs(t C uv)s = 0 (5.8)
for non-vanishing C rst . In view of this, we use three vector multiplets in our model, such that the total number of vector fields is four, and declare that the fourth direction of the G-algebra is Abelian, that is G = SU(2) × U(1). One may check that the constraint (5.7) is satisfied by the model 9) and zero the rest of components of C IJK , being f rs t = ǫ rst the only non-vanishing structure constants. The numerical values has been chosen by convenience. In order to keep the model as close as possible to the previous analyses in the SO(4, 1)/SO(4) model for the hyperscalars, we require that these are invariant under the action of the U(1) sector, that is, k 4 X = P 4 = 0. Now we add up tensor multiplets, turning on two of them, n T = 2. For concreteness, the matrix Ω M N can be taken as Ω 12 = 1. As we mentioned in section 2, not all the symbols t IJ M can be zero. Since in our model G = SU(2) × U(1), evidently the simplest choice is to put the tensors fields charged respect the U(1) sector, forming a real doublet of it, but invariant under the SU(2) sector. In addition, we may require that tensor and vector fields do not mix under the action of the G-group. These three requirements are meet with the representation 5.10) and zero the rest of components. Due to their block-diagonal form, it is easy to see that the matrices t I realize the su(2) × u(1) algebra, as required in Eq. (2.10) , and satisfy the constraint (2.16) . Putting these matrices in the formula (2.18) we find that the only nonvanishing components of CĨJ M are
The values of CĨJK given in Eqs. (5.9) and (5.11) define the very special manifold M V S . Having the matrices t I and CĨJK, it can be checked by direct computations that this model satisfies the constraint (5.7).
The solutions
We look for the solutions in the time-like class. The scalars fields φ x are vanishing, hence the scalars hĨ and hĨ x are nothing but constants. Since they are involved explicitly in the expressions of supersymmetric solutions, it is important to have a concrete set of constant h I , h I x at hand. In our model the constraint (2.1) and its first derivative w.r.t. φ
x take the form 13) where M N . Now we turn our attention to the space-time metric given in Eq. (3.60) . We put ω = 0. We assume that the base manifold is conformally flat, 14) and hence take the Vierbein on the base manifold to be (5.15) In this basis we can identify the complex structures of the base manifold with those of the hypervariety Φ
The anti-selfdual part of the spin connection on the base manifold is 5.17) where x m = δ m m x n . Regarding the supersymmetric vector/tensor fields given in Eqs. (3.60) and (3.62) , we see that only the Abelian vector field has time-like component,
These spatial fields are subject to the preserved supersymmetry conditions (3.56) and (3.57) . The former yieldsF 4(+) = 0, whereas theĨ = (4, M) components of the latter yield
Thus we conclude thatÂ 4 = 0, hence the Abelian gauge field is an electrostatic field, A 4 = − √ 3f dt. TheĨ = r components of Eq. (3.57) becomeŝ
Now we analyze the Eq. (3.55). In our setting this equations takes the form
whose symmetric and antisymmetric parts givê 23) where q m = q m . To solve these equations we use the same ansatz of Ref. [13] , 24) where 
By contrasting last expression with Eq. (5.20) we obtain the condition
The last condition required by preserved supersymmetry is given in Eq. (3.54), whose both sides can be evaluated on the configuration as we have it. This yields
. (5.30) This equation was already found in the six dimensional theory in Ref. [13] , being Ω the conformal factor of the transverse metric in that paper. If we solve Eq. (5.26) for A and substitute it in Eq. (5.30), the resulting equation can be integrated, as was done in Ref. [13] , yielding
where we have put an irrelevant multiplicative integration constant equal to one. Having obtained Ω, Eq. (5.29) can be used to obtain an expression for f ,
So far, we have analyzed the conditions imposed by preserved supersymmetry on the configuration. Now it is time to check the equations of motion, which are given in Eqs. (3.58) and (3.59) . One can check that the configuration, as we have it, solves the equation (3.58) except for the I = 4 component, which yieldŝ 
Therefore the spatial tensorsB M are exact two-forms,
When evaluated in components, it turns out that this condition is independent of the conformal factor Ω,
At first sight, one may feel uncomfortable with tensor fields that are derived from one-forms. However, we should take into account that, after all, B M = dĈ M leads to a non-trivial solution of the equation of motion (2.29) . That is, althoughDB M = 0, we have that DB M = 0 hence the two terms of the Eq. (2.29) are non-zero but cancel mutually. It is this equation what distinguish between vector and tensor fields. We also recall that tensor fields transform in a non-adjoint representation of the G-group. In our model this means that B M are charged under U(1). Therefore, there is no way to identify the one-formsĈ M with some physical vector gauge fields.
At this stage the solution is build from three elements: the scalars A and Q and the one-formŝ C M . These variables must be chosen in such a way that the conditions given in Eqs. (5.26), (5.31), (5.32), (5.33) and (5.35) are satisfied. We have found three classes of solutions of these conditions: two classes in the gauged theory, one with active tensors fields and the other one without tensor fields, and one class in the ungauged theory.
Solutions of the gauged theory
There is a route to find solutions of the Eqs. (5.33) and (5.35) . First off all, note that the expression r 2 A ′ + A vanishes for a square-inverse dependence of A,
where a, as well as b, c and d for future reference, are integration constants. We take this ansatz as the starting point, such that the second term of the Eq. (5.33) vanishes, and consequently we require that the first and last terms be non-zero but cancel mutually in order to get non-trivial tensor fields. We may substitute the ansatz (5.36) for A in Eq. (5.26) obtaining a differential equation for Q, w.r.t. the metric h mn yields a somewhat simple expression,
Substituting these expressions into the Maxwell Eq. (5.33) we obtain
In order to solve this equation with non-vanishing tensor fields, we are forced to demand k ′′ < 0, hence the range of admissible values of the exponent k is The Ricci scalar diverges as r → 1 whereas it is completely regular at r → ∞. Therefore, we conclude that this metric has a physical singularity and a horizon located, in our coordinate system, at r = 1 and r → ∞ respectively. The regularity of the metric at the horizon becomes more evident if we shift the metric in Eq. (5.53) to spherical coordinates and then perform the coordinate transformationr = r −2/3 . This leads us to the metric
which, asr → 0 and after a further rescaling of the time, takes the form
Therefore, in the near horizon limit the metric approach to AdS 2 × S 3 . We notice that in the domain 0 <r < 1 the conformal factor of the M QK metric, 57) is regular. Finally, we point out that the Cartesian components of the tensor fields B M given in Eqs. (5.53) decay asymptotically as r −4 , faster than any of the field strengths F I of the vector fields. This is the expected behavior for massless/massive fields.
Solution without tensors fields
We start by setting the tensor fields equal to zero,Ĉ M = 0, which is the most simple solution of Eq. (5.35). As we have already pointed out, only the exponent
is admissible to solve the Maxwell Eq. (5.42). The five-dimensional solution corresponding to this exponent is As in the previous case, this metric has a physical singularity located at r = 1 and a horizon at r → ∞. After performing the coordinate transformationr = r 2/3 , this metric becomes is regular in 1 <r < ∞.
Solution of the ungauged theory
It is interesting to analyze the case of the ungauged theory (g = 0), which, first of all, requires the decoupling of the tensor fields. In this case the model reduces to a ungauged N = 1, d = 5 Supergravity coupled to one hypermultiplet and three vector multiplets, being the four A I fields Abelian gauge fields.
Notice that now the Eq. (5.32) does not fix the scalar f , it is instead an equation for A. Indeed, this and Eq. (5.26) state that A and Q satisfy that same differential equation, We can find the integral of this expression, which we write here for the special value b = 1 for simplicity, ; r −6 is convergent, positive definite and monotonically decreasing in the interval 1 < r < ∞. Thus we conclude that the above metric has a naked singularity at r = 1.
In contrast to the previous solution, in this solution there are three free parameters, a, c and d, that can smoothly be brought to zero. The limiting value a = 0 leads to the two solutions found in Ref. [9] , one with c = 0 and the other one with c = 0.
Conclusions
We have performed the complete characterization of supersymmetric configurations and solutions for the gauged N = 1, d = 5 Supergravity coupled to an arbitrary number of vector-, tensor-and hypermultiplets. This is the most general supergravity theory known with eight supercharges in five dimensions.
As was found in previous analyses without tensor multiplets, Refs. [9, 10] , the spatial spin connection, both in the time-like and null cases, is embedded into other gauge connections given by the quaternionic Kähler geometry and the vector fields. The activation of tensor fields do not deform these embeddings. However, tensor fields give new contributions to the supersymmetric Maxwell equation, which in general leads to deformations of the base spatial metrics. Moreover, the presence of tensor fields adds one more equation to be solved by supersymmetric solutions, the self-duality condition for supersymmetric tensor fields.
The conditions for unbroken supersymmetry we have found can be used to study concrete class of supersymmetric solutions. In particular, we have used them to analyze scalar-gravity solutions, which we define by the condition of vector and tensor fields be vanishing and the hyperscalars get a constant value. For these configurations we have found that in the timelike case also the scalars φ x must be constant but in the null case they can have a non-trivial expression. For the cases of constant φ x we have classified the metric according to the vanishing or not of the constant parameter P ∼ h I P I , being zero the other contributions to the scalar potential. In the time-like case we have found that if P = 0 then the base spatial manifold is hyperkähler and the local one-form ω is vanishing, whereas if P = 0 the base manifold is Kähler and ω is non-vanishing. In the null case the spatial transverse metric is conformally flat and we have seen the presence of a harmonic function, which suggests the direct coupling to external sources. Among the null class, one gets Minkowski or AdS 5 if P = 0 or P = 0 respectively.
Since we have determined the behavior of the several variables that define a scalar-gravity supersymmetric solution, these result can be used to search more general solutions with asymptotics corresponding to pure gravity solutions, for example AdS 5 . As it is well known, asymptotically AdS 5 supersymmetric solutions are of great interest due to their role in the brane-world scenarios and in the AdS/CFT correspondence.
We have also used the conditions for supersymmetric solutions to find new exact solutions with active hyperscalars, vector and tensor fields, which is a further evidence of the usefulness of the characterization program. To find the solutions we have chosen the SO(4, 1)/SO(4) manifold as the target for the hyperscalars. Two of the solutions we have found belong to the gauged theory with SU(2) × U(1) as the gauge group, one of them having active, massive and spatially self-dual tensor fields charged under the U(1) sector and decaying faster than the massless vector fields. These two solutions are black holes (spherically symmetric) with physical singularities covered by the horizons and with AdS 2 × S 3 as the near horizon geometry. The third solution we have found belongs to the ungauged theory. It has a naked physical singularity and has the solutions found in Ref [9] as limiting cases. It must be pointed out that solutions with naked singularities could be excluded as genuine supersymmetric solutions if a criterion as the one proposed in Ref. [25] , which consists on requiring unbroken supersymmetry even at the location of the singularity, is used.
